The clinical significance of perioperative myocardial infarction (MI) after coronary artery bypass surgery is not known. Therefore, strategies for the risk stratification of these patients do not exist. This study was undertaken to define the effect of perioperative MI on prognosis after discharge from the hospital and to develop an approach to the risk stratification of these patients. prognosisl'2'6-8"12"14"16"18 and those showing no effect.3-5,9'10"13'17 It is generally agreed that perioperative MI increases in-hospital
and those showing no effect.3-5,9'10"13 '17 It is generally agreed that perioperative MI increases in-hospital mortality.12"13'18 However, for those patients who survive to hospital discharge, it is not clear that a perioperative MI has the same adverse consequences as nonoperative MI.18 Most distressing for the clinician is the near-complete lack of data from the "modern era" of cardiac surgery. With the exception of one small study,'6 all studies were performed with methods of myocardial preservation that are now outmoded.1-10'12-14'17 '18 Hypothermic potassium crystalloid cardioplegia has dramatically changed the practice of surgery,'9'20 the incidence of perioperative MI,21 and almost certainly the pathophysiology of perioperative MI. Consequently, the sequelae and clinical significance of perioperative MI may have changed as well.
Given the confusion surrounding the significance of perioperative MI and the paucity of studies from the modern era, it is not surprising that strategies for the risk stratification of these patients have not been The preoperative variables provided information on the patients regarding the extent of coronary artery disease, the severity of left ventricular dysfunction, and their clinical sequelae.
Historical data. Hospital records were reviewed for the patients' ages and for a history of congestive heart failure (either pulmonary congestion on chest radiography or at least two of the following physical examination findings: S3, rales, or peripheral edema). Previous MI was determined from review of the preoperative ECGs (pathological Q waves in at least two adjacent leads). Unstable angina as the primary indication for surgery was defined as typical chest pain, occurring at rest with a minimum duration of 30 minutes and accompanied by ST segment depression of 1 mm or more or T wave inversion in at least two adjacent ECG leads. In addition, the patient must have been admitted to an intensive care unit and have undergone CABG during the same admission.
Cardiac catheterization. All patients underwent left heart catheterization and coronary arteriography 3 months or less before surgery. Left ventricular enddiastolic pressure was determined before injection of contrast material.
The number of diseased vessels (from one to three) defined as the presence of a 70% or greater luminal narrowing was determined for each patient. The coronary circulation was divided into three regions as previously described32: anterior (supplied by the left anterior descending coronary artery), lateral (supplied by the left circumflex coronary artery), and inferior (supplied by the right coronary artery in right dominant systems or by the left circumflex artery in left dominant systems). Left main coronary artery stenosis (>50% stenosis) was considered equivalent to two vessels diseased in a right dominant system or to three vessels in a left dominant system. Presence of a left main coronary artery stenosis was also noted separately from the category of number of diseased vessels.
Radionuclide ventriculography. First-pass radionuclide ventriculography was performed during the week before surgery. Details of the technique have been described previously. 33 All patients underwent CABG at a systemic temperature of 250 C. The left ventricle was vented through the right superior pulmonary vein. Distal bypass graft anastomoses were performed during one period of aortic cross-clamping. Myocardial preservation was achieved with cold (40 C) potassium crystalloid cardioplegia administered through the aortic root and through the free ends of the grafts immediately after the distal anastomoses were completed. Topical hypothermia was produced with iced saline slush. The proximal anastomoses were performed with an aortic side-biting clamp while the patient was being rewarmed. In all patients, segments of reversed saphenous vein were used exclusively. The Only pathological Q waves that persisted to hospital discharge were considered diagnostic of perioperative MI. Disagreements were settled by consensus.
In the patients with perioperative MI, location of the infarction was classified as anterior (Q waves in leads V1 to V6, I and aVL) or inferior (leads II, III, or aVF). Radionuclide ventriculography. First-pass radionuclide ventriculography identical in technique to that of the preoperative study was repeated 7 to 14 days after surgery, during the ambulatory phase of the patient's postoperative recovery and before discharge from the hospital.
Follow-up Data
Follow-up data were obtained from hospital and outpatient charts. For those patients whose Veterans Administration charts did not contain follow-up for 30 months, primary physicians were contacted. If neither of these sources provided complete follow-up (9% of cases), the patient was interviewed by telephone. If the patient denied having been admitted to hospital for any reason after CABG surgery, no further attempt was made to acquire records. If the patient had been admitted for any reason, then hospital charts from all admissions were obtained and reviewed. Four end points were considered by an observer unaware of all other clinical data: 1) cardiac death, 2) nonfatal MI, 3) admission to hospital for treatment of congestive heart failure, and 4) admission to hospital for unstable angina. All events were recorded with the interval from surgery to the occurrence of the event. Deaths were interpreted as cardiac or noncardiac related after review of hospital charts (for all inpatient deaths) or after discussions with family members who were with the patient at the time of death (for outpatient-witnessed deaths). Outpatient-unwitnessed deaths were considered cardiac related if they were sudden, unexpected deaths or if they occurred within 24 hours of the onset of new cardiac symptoms (after discussion with family members). Patients who died from noncardiac causes were considered event free until the day of death and were analyzed as patients without events.
MI was defined as any admission to the hospital during which a rise in CK-MB was documented. Admission for treatment of congestive heart failure required that the admission specifically address congestive heart failure as an active diagnosis and documentation either by pulmonary vascular congestion on the radiogram or at least two of the following physical examination findings: S3, rales, or peripheral edema. Unstable angina was defined as typical chest pain occurring at rest with a minimum duration of 30 minutes and accompanied by ST segment depression of 1 mm or more or T wave inversion in at least two adjacent ECG leads.
Because chest pain histories are often difficult to interpret, and nonspecific ST segment and T wave abnormalities are often seen in the first few months after CABG surgery, a minimum duration of hospi- cent of patients with congestive heart failure had other cardiac events as well. Figure 1 is the survival analysis for patients with compared with those without perioperative MI. Eighty-seven percent of patients without a perioperative MI survived event free to 30 months compared with 69% of patients with a perioperative MI (p<0.009). In those patients with cardiac events, the first event occurred within the first three months of surgery in 25% of patients and within the first 12 months in 63% of patients.
Univariate and Multivariate Analyses
As in most previously reported series, patients in this series who suffered perioperative MI differed from those who did not in certain preoperative characteristics that might negatively affect postdischarge prognosis (a greater percentage with elevated left ventricular end-diastolic pressure and more advanced age). Thus, survival analysis alone was inadequate to determine whether perioperative MI was an independent predictor of postdischarge cardiac events. To determine this and to detect other independent prognostic variables so that a risk stratification approach could be developed, univariate and multivariate analyses were performed.
Considering all preoperative, operative, and postoperative variables, significant univariate predictors of a cardiac event during follow-up were 1) inadequate revascularization, 2) perioperative MI, and 3) depressed postoperative ejection fraction (<40%) as determined by radionuclide ventriculography. No other preoperative, operative, or postoperative variable was predictive of a subsequent cardiac event (Table 3) .
With stepwise Cox regression, all three variables (perioperative MI, inadequate revascularization, and depressed postoperative ejection fraction) remained as independent predictors of cardiac events (all p<0.01). Adequacy of revascularization had the greatest prognostic value. Relative risk (or the independent risk of a cardiac event associated with this variable) was 3.6 with a 95% confidence interval of 1.4-8.9. Relative risk for perioperative MI was 2.7 (95% confidence interval, 1.1-6.4) and for depressed postoperative ejection fraction relative risk was 2.1 (95% confidence interval, 1.2-3.8). These three variables remained as independent predictors of subsequent cardiac events when unstable angina was not included as an end point. Figure 2 compares the event-free survival rate in patients who had perioperative MI stratified by the number of additional negative prognostic variables present (inadequate revascularization and depressed ejection fraction). A (52) 9 (30) 13 (43) 8 (27) 2 (6) 4 (13) 26 (81) 7 (22) 9 (31) 11 (38) 9 (31) 59.3±6.7 9 (6) 24 (17) 47 (34) 67 (52) 43 (33) 20 (15) 4 (3) 27 (19) 111 (78) 30 (21) 31 (25) 48 (39) 44 (36) Presently, perioperative MIs appear more likely to be associated with a stenosis or occlusion of the bypass graft, especially at its anastomosis with the native coronary artery. In one series, only 25% of patients had patent grafts supplying the area of infarction.41 Thus, the resemblance, both pathological and pathophysiological, to nonoperative MI is much greater than that for the perioperative MI before cold cardioplegia. Not only is there an infarction, but with the compromised graft, there is residual ischemia as well.
Survival Analysis of Subgroups
Because the pathophysiology of perioperative MI has changed so dramatically with the use of cold cardioplegia, the clinical significance has probably changed as well. Therefore, we reexamined this question in a group of patients operated on with modern methods of myocardial preservation. Furthermore, we wished to focus on the postdischarge period because the greatest confusion has been over the clinical significance of perioperative MI in this period as opposed to the in-hospital phase.
We found that patients with perioperative MI were far more likely to suffer an adverse event (31% of patients) within the first 2.5 years after surgery than were those without a perioperative MI (12% future series of patients in which most will have one or more internal mammary artery grafts, inadequate revascularization and depressed left ventricular function might not be important prognostic variables. This seems unlikely, however, especially in light of findings from one series of patients that demonstrated that both of these variables were predictive of future cardiac events independent of whether or not an internal mammary artery graft was placed. 44 Fourth, we did not assess graft patency postoperatively with coronary angiography. Thus, some patients in the "completely revascularized" group can be expected to have been incompletely revascularized because of early graft closures. It is impractical to perform routine postoperative angiography in a study of this size that was designed to assess prognosis rather than the results of a therapeutic intervention. The approach we used could have falsely worsened the prognosis of the "completely revascularized" control group by including in that group some patients with early graft occlusions. Thus, one can expect that if adequacy of revascularization were assessed with a more sensitive technique, its prognostic power should be at least as great as we found it to be. Last, it is critical to be able to generalize the results of this study to all patients undergoing CABG. This must be done cautiously because the preoperative data on our patients indicate that they may have had more severe coronary disease than previously reported series. Seventy-eight percent of all patients had three-vessel coronary artery disease (compared with 34-48%12,18), and 20% had significant left main coronary artery stenosis (compared with 10-11%1213). This may explain our higher perioperative MI rate (10.6%) compared with the 6.4% rate of the Coronary Artery Surgery Study (CASS),28 performed in patients with much less severe angina, less extensive coronary disease, and better preoperative ventricular function. Thus overall event rates may have been higher in our patients.
It is evident from Table 2 that a larger sample size might have allowed us to detect other univariate predictors of cardiac events. Although true, to our knowledge, this series is the second largest of patients with Q wave perioperative MI reported to date12 and the largest of patients operated on with modern methods of preservation. Furthermore, the sample size does not diminish the significance of the prognostic variables identified. Assessment of the performance of the risk stratification approach in other patient populations should answer these concerns.
Conclusions
In summary, perioperative MI is an important clinical event that has negative prognostic implications. Risk stratification of patients into high, low, and intermediate risk groups can be accomplished by a combination of a readily available clinical variable (adequacy of revascularization) and a simple predischarge test (determination of ejection fraction). Such an approach is important because a large percentage of events tend to occur early after discharge. Last, because ejection fraction even in the highest risk group is not severely depressed, secondary prevention trials with medical therapy may be feasible.
